The El Ni�o Index, defined as 4 intensities (very strong, strong, moderate, weak) in Oceanic Niño Index (ONI), was positively correlated with the average sunspot number at each intensity. The La Niña Index, defined as 3 intensities (strong, moderate, weak) in ONI, was negatively with the average sunspot number from 1954 to 2017. It appears that very strong El Niño events occur frequently during the maximal sunspot number while strong La Niña events more often occur during the minimal sunspot number. Since greenhouse-gas is continuously increased, it is therefore proposed that the maximal sunspot number is a major parameter for prediction of El Niño while the minimal sunspot number applies in the same way for La Niña. El Nino/La Nina events can be classified as four typical cases depending upon the submarine volcanic activities at seamounts in Antarctica and South America. The Sea Surface Temperature (SST) of the South and Central Americas are warmer than SST of East Australian Current (EAC), due to the strong volcanic eruptions in the Seamounts and the Ridges in South and Central Americas. This results in the Central Pacific Current (CPC) flowing from east to west due to the second law of thermodynamics for thermal flow from hot source to cold sink. In contrast the opposite direction is made if SST in EAC is warmer than SST in the Central/South American Seamounts and Ridges, due to the strong volcanic eruptions in the Antarctic Seamounts and Ridges. Chicago was selected as a case study for the relationship between extreme cold weather conditions and minimal sunspot number. Previous attempts at predicting weather patterns in Chicago have largely failed. The years of the record low temperatures in Chicago were significantly correlated with the years of the minimal sunspot number from 1873 to 2019. It is forecast that there may occur a weak La Niña in 2019 and another record low temperature in Chicago in January of 2020 due to the phase of the minimal sunspot number in 2019. It may be possible to predict very strong El Ni�o events with the year of maximal sunspot number as El Niño Open Access https://doi.org/10.4236/ns.2019.116021
INTRODUCTION
The sunspot numbers between 1870 and 2020 are shown in Figure 1 [1] while the detailed sunspot number between 2000 and 2019 was shown in another work of Hataway [2] . Ultraviolet radiation increases dramatically during high sunspot activity. The converse is true during minimum sunspot activity [3] . Since 1880 AD, El Niño events have occurred roughly every 2 -7 years with no clear periodicity [4] while the sunspot number (measured in Brussels of Belgium and Ottawa/British Columbia of Canada [5] ) changes through an average cycle of 11 years with 14 months (1 year and 2 months) standard deviation. Maximal sunspot number causes the highest solar radiation upon the Earth to induce very strong El Niño events while the minimal sunspot number provides the lowest solar radiation upon the Earth to induce strong La Niña events, as well as the record low temperature in Chicago, as illustrated in Figure 1 . [1] of very strong El Niño events in red color and strong La Niña events in blue color with data in Table 5 while the years of the record low temperatures in Chicago were expressed in green color with data in Table 6 .
Kim [5] proposed the minimal sunspot number for prediction of the avian influenza virus outbreak from 1878 to 2016 with high linearity (R 2 = 0.9967).
Kim [6] also showed that there was a close relationship (R 2 = 0.8539) between MERS-CoV in Eastern Mediterrane region and maximal sunspot number from 2012 to 2018.
The purpose of the present study is to predict important natural phenomena such as El Niño and La Niña events, and years of the record low Chicago temperature by the sunspot number.
BACKGROUND

El Niño and La Niña Events
Every two to seven years, an unusually warm pool of water-sometimes two to three degrees Celsius higher than normal-develops across the eastern tropical Pacific Ocean to create a natural short-term climate change event. This warm condition, known as El Niño, spurs extreme weather patterns around the world, from flooding in California to droughts in Australia [7] . It happens when Sea Surface Temperature Natural Science (SST) in the Equatorial Pacific Ocean warm up and the increased ocean surface temperatures influence air and moisture movement around the globe [8] . El Niño is known as an irregularly occurring weather phenomenon created through an abnormality in wind and ocean circulation. While it originates in the Equatorial Pacific Ocean, El Niño has wide-reaching effects. In a global context, it affects rainfall, ocean productivity, atmospheric gases and winds across continents. At a local level, it influences water supplies, fishing industries and food sources [9] .
El Niño/La Niña events apparently play a critical role in the variability of Southern Ocean SST. Higher SST anomalies were observed in El Niño years while cooler anomalies were seen during La Niña years. During El Niño years, the ocean becomes noticeably warmer and the air pressure is high with rainfall and flooding. La Niña is essentially the anti-El Niño. Instead of warm water and high air pressure, waters are cold and air pressure is low with drought and cold weather. La Niña years often cause heavy snowfalls even in parts of the world far away from the Pacific [10] .
Gay-Lussac's law [11] is given by,
where P H , P L = Pressures at high (El Niño) and low (La Niña) in the tropical Pacific, T H , T L = Temperatures at high (El Niño) and low (La Niña). An El Niño event causes flooding due to T H with high evaporated seawater while La Niña occurs due to T L with low evaporated seawater. Therefore, if T H of SST is satisfied, pressure becomes high (P H ) so that the South Equatorial Current flows from the hot source of the east Pacific (P H , T H ) to the cold sink of the west Pacific (P L , T L ), according to the second law of thermodynamics.
Oceanic Niño Index
The Oceanic Niño Index (ONI) [12] is defined as the three-month running-mean SST departures from the average in the Niño 3.4 region (i.e., 5˚N -5˚S, 120˚W -170˚W) in Figure 2 , and is a principal measure for monitoring, assessing, and predicting El Niño-Southern Oscillation (ENSO). NOAA operational definitions for El Niño and La Niña are as follows:
El Niño: characterized by a positive ONI greater than or equal to +0.5˚C. La Niña: characterized by a negative ONI less than or equal to −0.5˚C. Figure 2 . El Niño regions in the Pacific [13] . Natural Science By historical standards, to be classified as a full-fledged El Niño or La Niña episode, these thresholds must be exceeded for a period of at least 5 consecutive overlapping 3-month seasons [13] . ONI has become the defacto standard that NOAA uses for identifying El Niño (warm) and La Nin �a (cool) events in the tropical Pacific.
El Niño regions in the Pacific were shown in Figure 2 and defined as [13] :
Galapagos Hot Spot
The Galapagos Islands are reported to be a "hot spot", which is a region of high thermic flux due to the presence of a magmatic plume ascending from the earth's mantle (700 -3000 km) [14] . The hot energy side of the internal thermic magma after volcanic eruption in the GHS is transferred to the cold energy side of the undersea seamount of the Carnegie Ridge (CAR), which is a volcanic plateau formed during the eastward movement of the new Nazca Plate over the GHS [15] . The Galapagos archipelago, which is made up of 13 major volcanic islands, occupies a submerged platform, which rises more than 3 kilometers above the adjacent seafloor. Upwelling within the nutrient-laden Peru Current is responsible for the great biological productivity of the ocean off the coasts of Peru and Chile.
The trade winds blow from the normally high-pressure area over the eastern Pacific (near Central and South America) to the normally stable low-pressure area over the western Pacific (north of Australia). In the Southern Oscillation, winds across the tropical Pacific reverse direction and blow from west to east.
During El Niño events, the surface ocean around the Galapagos warms substantially and the islands receive significantly more rainfall than in normal years. The warmer water is less nutrient-enriched than the cool waters that normally surround the Galapagos and the marine ecosystem consequently becomes disrupted, resulting in a high mortality rate of coral, seabirds, and marine mammals during the strongest El Nin �o events, such as those in 1982-83 and 1997-98 [16] .
RESULTS
Volcanic Seamounts
The planet's crust is broken into 17 major rigid tectonic plates while volcanoes and earthquakes are generally found in the plate boundaries at the bottom of the oceans. Therefore, most volcanic activity is submarine, as seen in deep sea hydrothermal (≥350˚C) black smokers vents of volcanic gases at the East Pacific Rise [17] .
Volcanic gases are commonly composed in the order of H 2 O (37% -97.1%), CO 2 , SO 2 (0.50% -11.8%), H 2 , CO, H 2 S (0.04% -0.68%), HCl, HF [18]. Toxic chemicals (SO 2 , H 2 S, HCl, HF, H 2 SO 4 ) from submarine volcanoes have reduced the fishery productivity. Table 1 summarizes the Ridge and Basin of South and Central Americas.
East Pacific and Central American Countries with Volcanoes
Peru (Humboldt) Current with South Equatorial Current moves away from the sources of volcanoes in the Galapagos Islands, Peru, Chile, Panama, Honduras, Nicaragua, Costa Rica, Guatemala, Mexico, Colombia and Ecuador toward the sink of the west Pacific along trajectories of South Equatorial Current and Equatorial Winds in the equatorial Pacific. Table 2 summarizes the East Pacific and Central American Countries with precipitation, area, heat source, volcano, earthquake, and Ridge.
It is evident that countries in the Equatorial Pacific Ocean located in mixing zones in the Panama Basin among warm (Panama 30˚C, South Equatorial 27˚C) and cold (Peruvian Coastal 16˚C~21˚C, Peruvian Oceanic 9˚C~21˚C, Cromwell 13˚C) currents, showed extensive precipitations; Costa Rica (2926 mm), Natural Science Table 2) . From the steam table [19] , the difference in the specific volume of water evaporation, between a warm 30˚C and cold 15˚C, is 61 m 3 /kg, which is converted to the rainfall. During El Niño, California and the southern United States also tend to receive more rainfall. On the other hand, during past El Niño events, Indonesia, Central America and the southern and central Amazon experienced more fire activity than normal due to droughts [20] , the latter being caused by lack of water evaporation forming the rainfall accounting for the total mass balance of water. Heat transport is mainly governed by the status of Humboldt, Panama, Cromwell, and South Equatorial Currents. Heat is delivered in numbered sequence from hot heat countries (Table 2) of Columbia (1), Peru (2), Mexico (3), Chile (4), and Ecuador (5) to the cold sinks of Nicaragua (6), Guatemala (7) , Honduras (8), Panama (9), Costa Rica (10), and El Salvador (11) to produce high precipitations by collision between the cold Humbodt Current at 15˚C and the warm Panama Current at 30˚C to have a Natural Science . Heat amount (Q) in calories was determined by multiplication of country area (km 2 ) with individual precipitations (mm) to get the mass (m) in gram assuming the water density of 1 g•cm −3 which is multiplied by 15 for the final determination of individual heat amount for each country, as shown in Table 2 .
Antarctic Currents, Seamounts, and Ridges
Near the southern extremity of South America, most of the Antarctic Circumpolar Circulation (ACC) flows at 4 km•h −1 eastward into the Atlantic (50˚S), but part of it curves toward the left and flows generally northward along the west coast of South America as the Peru Current (40˚S~45˚S). If the length of South American coastline (8409 km) is approximated, the time it takes the Peru Current from the Antarctic to reach the Galapagos, is determined at a minimal 2.9 months ( )( ) During the El Niño, warm eastward-flowing waters from the equator dominate the Humboldt Current causing changes such as the increase of water temperature by up to 2˚C to 3˚C, sea-level rises up to 40 to 50 cm and a reduction in the availability of surface nutrients. Such changes have devastating consequences for pelagic fisheries off Chile, Peru and Ecuador, and for the marine fauna that relies on these normally highly productive areas. The El Niño event has also been associated with coral bleaching, mortality and changes in the abundance and distribution of seabirds, marine mammals and sea turtles [22] , which might be caused by volcanic activities of Ridge and Rises in Antarctica, as shown in Table 3 .
Submarine volcanism occurs at the Mid Ocean Ridges (MORs), Back-Arc Spreading, Arc Volcanism, and Hotspots. The flux of volcanic CO 2 to the ocean are MORs (27.8%), Back-Arc Basins (37.8), Volcanic Arcs (34.1), Hotspots (0.3) [23] . The temperature of magma is 1200˚C while cold seawater percolates down through the crust to produce black smokers at 350˚C [17] . The California Current and Humboldt Current pass through oceanic hotspots with Holocene activity until they join together at the Galapagos Island Hotspots located at the boundaries of Cocos Plate and Nazca Plate [24] .
El Ni�o and La Ni�a Events
Submarine volcanoes are underwater vents or fissures in the Earth's surface from which magma can erupt. They are estimated to account for 75% of annual magma output. The vast majority are located near areas of tectonic plate movement, known as ocean ridges. Many submarine volcanoes are seamounts, typically extinct volcanoes that rise abruptly from a seafloor of 1000 -4000 meters depth. The peaks are often found hundreds to thousands of meters below the surface, and are therefore considered to be within the deep sea. An estimated 30,000 seamounts occur across the globe [25] .
El Nino/La Nina events can be classified as four typical cases depending upon the submarine volcanic activities at seamounts in Antarctica and South America, as summarized in Table 4 .
Detailed description of columns in Table 4 are as follows: 1) Sunspot number in Figure 1 is categorized in 4 groups of strong maximal, weak maximal, weak minimal, and strong minimal. The strong maximal group is regarded as the period of the warmest SST due to submarine volcanic eruptions induced by the strong solar radiation. The strong minimal group is regarded as the period of the coldest SST due to lack of submarine volcanic eruptions induced by the weak solar radiation.
2) Submarine volcanic activities occur (o) or don't occur (x) at the seamounts of Antarctica (Table 3 ) and South America (Table 1) in conjunction with Rises and Ridges. Natural Science Ⅰ Strong Maximal
3) Sea surface temperature (SST) of the Equatorial Pacific is dependent upon SST caused by volcanic activities at seamounts in Antarctica (Table 3) and South America (Table 1) with Rises and Ridges. SST shows increase (↑), strong increase (↑↑), decrease (↓), and strong decrease (↓↓), strong or weak (↑↓) or (↓↑). 4) Sea ice extent is dependent upon undersea volcanoes found off the West Antarctic ice sheet of the South Georgia Islands and South Sandwich Island, whose undersea volcanic system generates earthquakes and releases heat into the ice above to destabilize parts of the ice cap [26] . Sea ice extent decreases (↓) with undersea volcanic eruption and increases (↑) without undersea volcanic eruption, and is only applicable to Antarctica. 5) Krill abundance is proportional to sea ice extent during austral winter. I t decreases (↓) with volcanic eruptions while melting ice by volcanic heat is increased (↑) with weak volcanic eruption. It is important to note that the extents of El Niño or La Nina events are dependent upon the submarine volcanic activities in Antarctica and South America. It can be thus postulated that El Nino and La Nina events are induced by the various degree of volcanic eruptions of seamounts in Antarctica, Central America, South America, and GHS, whose thermal currents toward the east Pacific and the west Pacific can be schematically drawn in Figure 3 .
There are two major currents induced by centrifugal forces of ACC to be perpendicular to two exits: one is East Australian Current (EAC) between Tasmania of Australia and New Zealand while another is Figure 3 . Currents with volcanic seamounts in Antarctica, Central America, South America, and Galapagos Hot Spots. Natural Science the Peru Current (PC) along the west coast of South America. The shortest course to reach the central Pacific ocean around the equator is EAC while the slowest course is PC. It appears that the Volcanic activity in the GHS (VGHS) is the key parameter to control the direction of Ocean Surface Current of Central Pacific Current (CPC). If SST of VGHS plus PC is warmer, due to the strong volcanic eruptions in the Seamounts and the Ridges in South and Central Americas ( Table 1) than SST of EAC, CPC flows from east to west due to the second law of thermodynamics for thermal flow from hot source to cold sink. In contrast the opposite direction is made if SST in EAC is warmer, due to the strong volcanic eruptions in the Antarctic Seamounts and Ridges (Table 3) , than SST of the sum of VGHS and PC (Table 1) .
El Niño Index and La Niña Index with Sunspot Number
When CO 2 is increased, ozone (O 3 ) layers in the Poles become thinner so that UV radiation [5] upon the Earth is increased. Increased solar radiation during maximal sunspot number [6] and enhanced CO 2 emission may induce El Niño events through warm SST and strong volcanic eruptions at seamounts in Antarctica, South America, and GHS.
The El Niño Index was plotted in Figure 4 (a) with respect to sunspot numbers in Figure 1 at each El Table 5 with respect to the corresponding sunspot number in Figure 1 . (b) El Niño Index of positive correlation with average sunspot number at each degree of El Niño event in Table 5 . Natural Science Niño Index, defined as 4 degrees (Very Strong 4, Strong 3, Moderate 2, Weak 1) of intensity from data in Table 5 while Figure 4 (b) (R 2 = 0.7363) was positively plotted with respect to average sunspot number. Due to the industrial development, CO 2 emission is continuously increasing. At minimal sunspot number in Figure 1 , there is a weak solar radiation to induce cold SST and weak volcanic eruptions at seamounts for La Niña. La Nin �a Index, defined as 3 degrees (Strong 3, Moderate 2, Weak 1) from data in Table 5 was negatively plotted in Figure 5 (a) with respect to sunspot number. The sunspot number at each degree of La Niña Index was averaged to get Figure 5 (b) with significant linearity (R 2 = 0.9922). It is interesting to note that very strong El Niño events occur frequently during the maximal sunspot in Table 5 while strong La Niña events happen more often during the minimal sunspot number in Table 5 .
El Niño Event with Volcanic Eruption in Galapagos Hot Spot
The year of volcanic eruption in the GHS [27] was correlated with the year of El Niño events in Table  5 to get the significant linearity (R 2 = 0.9939) in Figure 6 . It is evident that an El Niño event is significantly dependent upon the volcanic eruption in the GHS. During the El Niño years of 1986, 1997, 2003, 2006, and 2014 in Table 5 , there were no volcanic eruptions in the aboveground of the GHS [27] . However, a Figure 5 . (a) La Niña Index of negative correlation with 3 degrees of intensity (strong, moderate, weak) in Table 5 with respect to the corresponding sunspot number in Figure 1 . (b) La Niña Index of negative correlation with average sunspot number at each degree of La Niña event in Table 5 . Table 5 . El Niño and La Niña years with the sunspot number in Figure 1 and their intensities based on Oceanic Niño Index (ONI) [12] while 4 El Niño Index (very strong 4, strong 3, moderate 2, weak 1) and 3 La Niña Index (strong 3, moderate 2, weak 1) give the sunspot numbers in parenthesis at each intensity of El Niño/La Niña events. It appears that very strong El Niño events occur frequently during the maximal sunspot number while strong La Niña events occur more often during the minimal sunspot number. Figure 6 .
Year of volcanic eruption (y) in the Galapagos Hot Spot [27] versus the year of El Niño event (x) in Table 5 from years of 1977 to 2016.
Galapagos expedition by an international team led by the Woods Hole Oceanographic Institution (WHOI) revealed 70 unknown seamounts [28] . Warm SST during El Niño event may activate the thermal energy in Natural Science the submarine seamount for volcanic eruption. Therefore, some of 70 seamounts in the GHS could volcanically erupt to induce El Niño events during such vacant years. It may be possible to predict the year of the El Niño event if there are volcanic eruptions either from aboveground volcanoes or submarine seamounts in the GHS.
Greenhouse-Gas Induction of El Niño
During the maximal sunspot number, there is an El Nin �o event, as shown in Figure 5(b) . As greenhouse-gas increases, the ozone hole deteriorates to induce El Niño, as shown in Figure 7 . Since greenhouse-gas continuously increases, it is therefore proposed that the maximal sunspot number is a major parameter for prediction of El Niño while the minimal sunspot number works in the same way for La Niña, as schematically summarized in Figure 7 .
Record Low Temperatures in Chicago with Minimal Sunspot Number
"Life-threatening" temperatures hit record daily low in Chicago [29] ; Temperature fell to make it the coldest Jan. 30, 2019 in Chicago on record minus 19 degrees, which beats the last record of minus 15 on Jan. 30, 1966. The lowest recorded temperature in Chicago ever is minus 27 degrees in 1985 [30] . The 3 years of 1966, 1985, and 2019 are expressed in green arrows in Figure 1 of the sunspot number. Figure 8 implies that the year of the lowest record temperatures in Chicago in Table 6 from 1873 to 2019 [30] is significantly (R 2 = 0.9995) proportional to the year of the minimal sunspot number. Therefore, the lowest Table 6 . Year of Minimal Sunspot Number (Figure 1) It may be possible to predict very strong El Niño events with the year of maximal sunspot number as El Niño Index (R 2 = 0.7363) and the years of strong volcanic eruption in the Galapagos Hot Spot (GHS) (R 2 = 0.9939), respectively. An El Niño event is thus expected during the year of strong volcanic eruption in the GHS. Strong La Niña events can be expected during the year of minimal sunspot number with La Niña Index (R 2 = 0.9922). Record low temperatures in Chicago can be also predicted (R 2 = 0.9995) during the year of the minimal sunspot number, as was recently the case in January, 2019.
CONCLUSIONS
The El Nin �o Index, defined as 4 intensities (very strong, strong, moderate, weak) in Oceanic Nin �o Index (ONI), was positively correlated with the average sunspot number at each intensity. The La Niña Index, defined as 3 intensities (strong, moderate, weak) in ONI, was negatively correlated with the average sunspot number from 1954 to 2017.
It appears that very strong El Niño events occur frequently during the maximal sunspot number while strong La Niña events occur more often during the minimal sunspot number. Since greenhouse-gas continuously increases, it is therefore proposed that the maximal sunspot number is a major parameter for prediction of El Niño while the minimal sunspot number serves a predictive role for La Niña.
There can be four typical cases depending upon the submarine volcanic activities at seamounts in Antarctica and South America for the various degrees of El Nino/La Nina events. If Sea Surface Temperature (SST) of South and Central Americas is warmer, due to the strong volcanic eruptions in the Seamounts and the Ridges in South and Central Americas than SST of East Australian Current (EAC), Central Pacific Current (CPC) flows from east to west due to the second law of thermodynamics for thermal flow from hot source to cold sink. In contrast the opposite direction is made if SST in EAC is warmer, due to the strong volcanic eruptions in the Antarctic Seamounts and Ridges, than SST in the Central/South American Seamounts and Ridges.
The years of the record low temperatures in Chicago from 1873 to 2019 were significantly correlated with the years of the minimal sunspot number.
It is forecast that a weak La Niña may occur in 2019 and another record low temperature in Chicago in January of 2020 due to the phase of the minimal sunspot number in 2019.
It may be possible to predict very strong El Niño events with the year of maximal sunspot number as El Niño Index (R 2 = 0.7363) and the years of strong volcanic eruption in the Galapagos Hot Spot (GHS) (R 2 = 0.9939), respectively. An El Niño event is thus expected during the year of strong volcanic eruption in the GHS. Strong La Niña events can be expected during the year of minimal sunspot number with La Niña Index (R 2 = 0.9922). Record low temperatures in Chicago can be also predicted (R 2 = 0.9995) during the year of the minimal sunspot number, as was recently the case in January, 2019.
